Introduction {#sec1-1}
============

Hypertension, commonly referred to as "high blood pressure (BP)" is a serious medical condition and happens when blood flows through the blood vessels with a force greater than normal.\[[@ref1]\] Hypertension is one of the most important preventable contributors to disease and death worldwide, leading to myocardial infarction, stroke, and renal failure when it is not detected early and treated appropriately. Around one-third of the adult population in SEA have elevated BP with nearly 1.5 million deaths (9.4% of total deaths) attributable to hypertension annually.\[[@ref2]\]

Eighth Joint National Committee (JNC 8) recommends evidence-based guidelines for treatment initiation and goals for BP control in various age groups and also with comorbid conditions.\[[@ref3]\] However, most of the hypertensives are unaware of their hypertensive status, most of those who are diagnosed are untreated. Of those who are treated, most of them are inadequately treated and do not achieve the BP control goal. This phenomena has been described as the "rule of halves" and was coined in 1970s in the America,\[[@ref4]\] was reported in Scotland in the 1990s,\[[@ref5]\] and has been reported previously from some parts of India.\[[@ref6][@ref7]\] Early detection through surveillance, increasing the access to primary care for hypertension is proposed to be an urgent measure in many international agendas, including the recent United Nations high-level meeting on noncommunicable diseases (NCDs).\[[@ref8]\] In India also, recently, major thrust is being given to early diagnosis and treatment for NCD under the realm of National Programme on Prevention and Control of Cancer, Diabetes, Cardio Vascular Disease and Stroke (NPCDCS).\[[@ref9]\] The trend in awareness, prevalence, treatment, and control related to hypertension after the roll out of NPCDCS is not being tested.

Because it is important to audit control of BP in a subnational level with high coronary mortality and stroke mortality,\[[@ref10]\] we explored to test this concept in our population from the data of a community-based survey to see whether the rule of halves still applies in the selected urban population of Puducherry, south India. We also aimed to find the correlates associated with undiagnosed hypertension to facilitate targeted screening.

Methodology {#sec1-2}
===========

A community-based survey using the World Health Organization (WHO) STEPwise approach to surveillance (STEPS) was conducted in urban slum of Puducherry in 2014--15.\[[@ref11]\] The study area has four urban census enumeration blocks covering a population of 9500 which are linked under the care of tertiary teaching care institute as urban health training center. All adults aged 18 years and more living in these four enumeration blocks for more than 6 months constituted the study target population. Initially, from the recent updated census of 2014, household with adults aged 18 years and above were extracted. These houses were visited by the trained personnel during the survey. During the house-to-house survey after obtaining informed consent, information was verified regarding the number of adults aged 18 years or more living in that household. If eligible adults are present, following information was obtained using WHOs STEPS survey tool: sociodemographic characteristics, risk factors related to NCD such as tobacco and alcohol use, patterns of fruit and vegetable, salt and oil consumption, history of hypertension diagnosed in the past, family history of hypertension, details of treatment for hypertension, and associated comorbidities. In case, eligible adults are not available during the first visit, further two more visits were made to meet the eligible individuals in their convenient time. Regardless of the self-reported status of hypertension, BP of all eligible participants was measured using standardized automatic electronic BP monitors (Omron BP785 10 Series). Over 10-min interval, BP was measured again, and the average of these two measures was considered for classification of hypertension as recommended by JNC 8 guideline.\[[@ref3]\] In case, if the individual was reported by any health-care provider to have hypertension or they reported under antihypertensive medications, it was classified as diagnosed hypertension. Among these adults with diagnosed hypertension and on treatment, average BP obtained from two readings was classified as optimum BP control and BP not under controlled limit using JNC 8 criteria. Individuals are considered to be on treatment if any they were diagnosed to have hypertension by any health-care provider and reported to follow any of the following methods: antihypertensive medication, treatment under alternate systems of medicine such as AYUSH, lifestyle modifications such as change in the diet, regular physical activity, weight reduction, and quit from alcohol and tobacco. This study was approved by the Institute Ethics Committee.

Single data entry operator did the data entry. However, the investigators randomly checked 20% of the dataset for accuracy, and after the field data collection, 10% of the forms were checked for completeness. Data were analyzed using EpiData analysis software.\[[@ref12]\] State of hypertension, awareness of hypertension status, treatment and control for the same is summarized as proportions with 95% confidence interval (CI). Different sociodemographic correlates were identified using Chi-square test. *P* \< 0.05 was considered statistically significant.

Results {#sec1-3}
=======

Burden of undiagnosed hypertension {#sec2-1}
----------------------------------

There were totally 2399 adults who were 18 years or more had participated in the STEPS survey. Of the 2399, 367 (15.3%--95%CI: 13.9%--16.8%) of them has reported that they have been informed as a hypertensive by health-care providers (known hypertensives). Of the rest 2032 adults, 1847 had their BP checked during the survey with an overall response rate of 94%. Of 1847 screened, 432 (21.3%) found to have BP in the hypertension range (either systolic BP ≥ 140 mmHg or diastolic BP ≥90 mmHg or both) (unknown/occult hypertensives). Thus, totally 799 (33.3%; 95%CI: 31.4%--35.2%) adults were found to have raised BP by any means. This house-to-house survey had facilitated to identify 54.1% (432/799) of undermined occult hypertensive cases in the community \[[Figure 1](#F1){ref-type="fig"}\].
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Treatment seeking among diagnosed hypertension patients {#sec2-2}
-------------------------------------------------------

Of the 367 (46%) adults who were already diagnosed as hypertension around 74.7% (274/367) were put on treatment by either antihypertensive drugs or by lifestyle modifications. In this subset, only 80% (218/274) had reported that they were regularly taking drugs and going for regular medical check-up as per the physician instructions. The subgroup analysis considering gender, age group, and family history was provided in [Figure 2](#F2){ref-type="fig"} and [Table 1](#T1){ref-type="table"}. Treatment seeking was lesser in selected subgroups such as illiterate and semi-skilled workers. Similarly, higher proportions of adult men, unskilled laborers, and illiterates had poor control of BP compared to adult women, professionals, and postgraduates, respectively (*P* \< 0.05).
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###### 

Burden of diagnosed and undiagnosed hypertension by sociodemographic characteristics from the World Health Organization STEPwise approach to surveillance survey in urban slum of Puducherry 2014-2015

  Factor                Number of people   Diagnosed hypertension   Treated      Controlled   Not available for screening   Screened   Newly diagnosed
  --------------------- ------------------ ------------------------ ------------ ------------ ----------------------------- ---------- -----------------
  Gender                                                                                                                               
   Male                 1025               166 (16.2)               125 (75.3)   74 (59.2)    119                           740        193 (26.1)\*
   Female               1374               201 (14.6)               149 (74.1)   110 (73.8)   67                            1106       219 (19.8)
  Education                                                                                                                            
   Illiterate           408                59 (14.4)                40 (67.8)    23 (57.5)    27                            322        93 (28.8)\*
   Primary school       339                43 (12.7)                27 (62.8)    19 (70.4)    16                            280        88 (31.4)\*
   Middle school        520                78 (15)                  61 (78.2)    39 (63.9)    34                            418        96 (23)\*
   High school          528                72 (13.7)                61 (84.7)    44 (72.1)    29                            427        77 (18)
   Higher secondary     236                42 (18)                  31 (73.8)    18 (58.1)    21                            173        22 (12.7)
   Undergraduate        185                7 (20)                   28 (75.7)    20 (71.4)    27                            121        23 (19)
   Postgraduate         183                36 (20)                  26 (72.2)    21 (80.8)    42                            105        12 (12.3)
  BPL                                                                                                                                  
   Non-BPL              1107               193 (17.4)               153 (79.3)   102 (66.1)   126                           788        159 (20.2)
   BPL                  1289               173 (13.4)               121 (70)     82 (67.8)    60                            1056       251 (23.8)
  Religion                                                                                                                             
   Hindu                2013               293 (14.6)               220 (75.1)   151 (68.6)   147                           1573       351 (22.3)
   Christian            368                64 (17.4)                45 (70.3)    32 (71.1)    39                            265        57 (21.5)
   Muslims              13                 9 (69.2)                 9 (100)      1 (11.1)     0                             4          1 (25)
   Others               5                  1 (20)                   0            0            0                             4          3 (75)
  Occupation                                                                                                                           
   Unemployed           1084               160 (14.8)               118 (75.2)   83 (70.3)    61                            863        172 (20)
   Unskilled            540                79 (14.6)                54 (69.2)    38 (70.4)    29                            432        115 (26.6)\*
   Semi-skilled         343                56 (15.1)                44 (78.6)    24 (54.5)    43                            244        58 (23.8)
   Clerical, business   371                56 (15.1)                40 (75.5)    27 (67.5)    38                            277        59 (21.3)
   Professional         61                 16 (26.2)                12 (75)      10 (83.3)    15                            30         8 (26.7)
  Age group                                                                                                                            
   18-24                320                55 (17.2)                45 (81.8)    32 (71.1)    37                            228        16 (7)
   25-34                559                69 (12.3)                57 (82.6)    45 (78.9)    53                            437        53 (12.1)
   35-44                561                77 (13.7)                58 (75.3)    40 (69)      31                            453        05 (23.2)\*
   45-54                455                70 (15.4)                51 (72.9)    22 (43.1)    23                            362        91 (25.1)\*
   55-64                281                49 (17.4)                33 (67.3)    23 (69.7)    18                            214        80 (37.3)\*
   65-98                223                47 (21.1)                30 (63.8)    22 (73.3)    24                            152        67 (44)\*
  Family history                                                                                                                       
   No                   1438               225 (15.6)               163 (72.4)   107 (65.6)   86                            1127       482 (42.7)\*
   Yes                  431                135 (31.3)               105 (77.8)   72 (68.8)    44                            252        55 (21.8)

\**P*\<0.001. BPL: Below poverty line

Correlates associated with undiagnosed hypertension {#sec2-3}
---------------------------------------------------

Higher proportions of men were found to have undiagnosed hypertension compared to women (26.1 vs. 19.8%, *P* \< 0.001). Similarly, adult from below poverty line (23.8 vs. 20%), unskilled laborer (26.6 vs. 20%), and literacy less than middle school (12.3 vs. 23%) had more undiagnosed hypertension compared to above poverty line, unemployed, and literacy high school or more respectively. There was an increasing trend observed with age and undiagnosed hypertension \[[Table 1](#T1){ref-type="table"}\].

Discussion {#sec1-4}
==========

The major problem in achieving better control of hypertension in a community is the silent and asymptomatic nature of the disease. Ignorance of the general population to the nature of elevated BP, its morbid effects, and the methods of maintaining its control is widespread and contributes to the large percentage of undetected and untreated hypertensive subjects in a community.

This community-based study involving house-to-house BP measurement by a trained data collector provides many opportunities to understand the dynamics of hypertension control in Puducherry - a relatively better health care system in India. Although more than half (54%) of the hypertensive population were unaware about the condition, it was observed that about two-third (75%) were receiving some form of medical care (medicine and/or lifestyle measures) and 80% of them were on regular medication.

Across the different global settings, undiagnosed hypertension was more commonly observed in developing countries (50%--65%) compared to developed countries (25%--50%). Similarly, the proportions of hypertensives started on regular treatment also more in developed countries (70%--85%) compared to developing nations (29%--50%).\[[@ref2][@ref7][@ref13][@ref14][@ref15][@ref16][@ref17][@ref18][@ref19][@ref20]\]

The Chennai Urban Population Studies (CUPS) in 2003 reported that only 37.3% were known hypertensives, among these known hypertensives, only 50% were under any kind of antihypertensive therapy, and of these, only 40% had BP under control.\[[@ref6]\] Our study results were comparatively better than the CUPS finding and may be because of the year, in which the study was conducted (2003 vs. 2014--15). During this period, a lot of initiatives were undertaken by Ministry of Health, Government of India, in the form of a launching of NPCDCS in 2010. A lot of capacity building activities were undertaken nationwide and through state government to prevent and control cardiovascular diseases and management of chronic NCDs, especially cancer, diabetes, CVDs and stroke through early diagnosis, treatment, and follow-up through setting up of NCD clinics were the major objectives envisaged.\[[@ref9]\]

Another study conducted in the rural village of Aligarh district of Uttar Pradesh of India reported the awareness regarding hypertension to be 40.3% among adults of more than 40 years.\[[@ref7]\] These two studies from south and north India had concluded that rule of halves is still prevalent in India scenario; however, our study findings are similar as far as the awareness regarding hypertension goes. We found that once a person who is hypertensive comes to the fold of health-care system in Puducherry, on treatment and compliance to treatment increases significantly (at least two-thirds). This indicates that Puducherry has a good mechanism to follow-up known cases, but our performance is similar to the reported studies (around half) pertaining identifying the new/occult cases.

In this study, adults being a male, increasing age, illiterate, unskilled work, below poverty line, and no family members affected due to hypertension were more likely to be associated with undiagnosed hypertension. This could be due to the influence of synergistic factors such as ignorance, lack of affordability, and fear of losing wages. The paradox on lesser undiagnosed hypertension found among adults with family history of hypertension could be the reflection of high-risk opportunistic screening conducted for family members of the affected individuals.

This study has following strengths. In this study, house-to-house survey was conducted preferably within their convenient time for participation. Hence, it reflects the accurate burden on hypertension. In this study, without any sampling, large number of adults were included which would minimize the sampling error. This study used the comprehensive tool as suggested by WHO STEPS approach.

Conclusion {#sec1-5}
==========

Although the rule of halves phenomena is still applicable in our set up, we observed that once study participants know regarding hypertension, regular intake of medication increases substantially. It is suggested that community screening programs combined with simplified diagnostic evaluation, intense patient education, and follow-up may greatly increase the percentages under continuous treatment and control.
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